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Abstract

Original Article

Introduction

Despite modern medical and interventional treatment options 
and early revascularization by the primary percutaneous 
coronary intervention  (p‑PCI), ST‑elevated myocardial 
infarction  (STEMI) is still responsible for a large number 
of deaths globally.[1] Therefore, determining the high‑risk 
patient groups is important to provide earlier and intensive 
treatment options. Despite many clinical factors that have 
been identified to predict clinical outcomes, these scoring tools 
consisted of many clinical factors, results were controversial, 
and were studied for <5 years.[2] Since clinical conditions such 
as myocardial fibrosis, ventricular remodeling, recurrent MI, 
ventricular dilatation, and arrhythmias occur in a long period, 
a longer follow‑up course could bring more reliable prognostic 
value for major adverse cardiovascular events  (MACEs) 
prediction.

Transthoracic echocardiography is routinely used for 
both risk stratification and outcome estimation in STEMI 
patients. Left ventricular ejection fraction  (LVEF) is one 
of the major determinants of cardiovascular adverse events 
during short‑  and long‑terms follow‑up.[3] On the other 
hand, the impaired atrial function has emerged as a focus of 
cardiovascular research in recent years. Left atrial volume 
index (LAVI) was shown to be a substantive marker of left 
atrial (LA) function in previous studies. Moreover, increased 
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LAVI was found to be a strong predictor of morbidity and 
mortality in acute myocardial infarction  (MI).[4,5] However, 
in patients with preserved ejection fraction or atrial size, the 
poor outcome might be underestimated than it is.

Proportional clinical predictors such as neutrophil/lymphocyte 
and C‑reactive protein/albumin ratios were shown to have 
better predictive value compared to their single usage in 
outcome estimation.[6,7] Hence, it was aimed to examine 
the role of LAVI to LVEF ratio  (LAVI/LVEFr), a novel 
echocardiographic marker, in MACE prediction in STEMI 
patients who underwent p‑PCI, during the long‑term follow‑up.

Methods

Study population
This is a prospective and observational study. A total of 176 
consecutive STEMI patients who admitted to the hospital 
between March 2010 and May 2012 were included in the study. 
Informed consent forms were obtained from all patients. The 
study protocol was in line with the Helsinki declaration and 
approved by the local ethics committee.

STEMI diagnosis
The STEMI diagnosis was created according to the current 
guidelines. Patients with typical anginal symptoms and an 
elevation of the J point at least 0.2 mV in two consecutive V1, 
V2, or V3 leads or 0.1 mV in other leads were considered as 
STEMI. In addition, ST depression in lead V1 through V3 was 
considered as posterior MI.[1] The diagnosis was confirmed by 
diagnostic coronary angiography.

Demographical and laboratory data
The clinical characteristics including detailed medical history 
and physical examination were obtained from each patient 
by experienced cardiologists at admission. All the data were 
stored in the database of our institution.

Hypertension (HT) was defined by considering the following 
parameters: (i) patients who were diagnosed with HT by the 
international diagnostic code and/or (ii) patients who were 
taking one or more of the antihypertensive medications for 
at least 6 months. Diabetes mellitus  (DM) was diagnosed 
according to at least one of the following criteria: i) History 
of DM and taking any anti‑diabetic medication, (ii) randomly 
measured blood glucose value of 200 mg/dL or higher, (iii) 
blood glucose level of 126 mg/dL or above after at least 
8 h of fasting, and (iv) A1c value of 6.5% or higher.[8] The 
presence of hyperlipidemia (HL) was defined according to 
age‑ and sex‑adjusted percentiles from the National Health 
and Nutrition Examination Survey III data.[9] The body mass 
index was calculated according to the weight/height (cm) 2 
formula.

All patients were recruited to routine outpatient clinics on 
the 1st, 3rd, 6th, and every year at regular intervals. Physical 
examination, echocardiographic findings, and laboratory data 
of each patient were recorded at these examinations.

Transthoracic echocardiographic evaluation
Two‑dimensional M‑mode transthoracic echocardiography 
was performed for all patients by the EPIQ 7C ultrasound 
system  (Philips, Best, the Netherlands) before coronary 
intervention. LVEF was calculated according to the modified 
Simpson’s method. LA volume was measured at end‑systolic 
apical 2‑  and 4‑chamber frames. Planimetric trace was 
conducted to measure the LA border within the LA wall 
and mitral annulus borderline. Pulmonary veins’ ostium 
and LA appendage were not included in the measurement. 
LAVI was calculated by the following formula: LA volume/
body surface area. LAVI/LVEFr was calculated by dividing 
LAVI by LVEF.

Coronary angiography and percutaneous coronary 
intervention
Coronary angiography was conducted immediately after 
hospitalization using the Judkins technique in all patients. Left 
anterior descending and circumflex coronary arteries were 
viewed from at least four different angles and the right coronary 
artery from at least two different angles. The images were 
transferred to the digital media for the quantitative analysis. 
The coronary artery with total occlusion was revascularized 
with the coronary balloon and/or stent immediately after 
imaging. Thrombolysis in myocardial infarction (TIMI) flow 
and collateral vessel status were evaluated and recorded at 
the database system of the hospital. Intervention to the total 
occluded coronary artery at first angiogram was determined 
as the revascularization strategy. All obtained data, coronary 
angiography views, and results were recorded in the database 
of ours institute.

All patients were treated medically according to the current 
guidelines. Patients were given the loading dose of clopidogrel 
and acetylsalicylic acid before the procedure. At the beginning 
of the procedure, 5000 or 10.000  IU intravenous heparin 
was administered according to the weight of the patients.[10] 
Coronary stenting directly or followed by balloon angioplasty 
was performed where eligible. After the procedure, patients 
were followed in the intensive coronary unit until stabilization 
is achieved.

Exclusion criteria
Pulmonary embolism, any type of malignancy and history 
of radiotherapy or chemotherapy, cardiac surgery with any 
indication, congenital heart disease, endocrine disorders, 
collagenous vascular disease, acute or chronic renal failure, 
end‑stage liver disease, active inflammatory disease, history 
of cerebrovascular disease, moderate‑to‑severe valvular heart 
disease, myocarditis, and cardiomyopathy were determined as 
the exclusion criteria.

In addition, patients whose MACE‑related data could not be 
acquired were excluded from the study. Written consent forms 
for PCI were obtained from all patients, and those who refused 
PCI or transthoracic echocardiography were not included in 
the study.
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Clinical follow‑up
The composite primary outcome of the study was all‑cause 
mortality and new‑onset decompensated heart failure  (HF) 
for 2  years’ follow‑up period. Mortality and HF data were 
obtained by the query of the hospital and national databases 
and direct phone calls or face‑to‑face interviews with patients 
or relatives of relevant patients. All patients were examined at 
the 1st, 3rd, 6th, and every year regularly. Typical HF symptoms 
including shortness of breath, swelling of ankles, palpitation, 
weakness, and jugular venous fullness, pulmonary congestion, 
and peripheral edema were assessed at these examinations. 
Patients with the above‑mentioned symptoms and physical 
examination findings and with LVEF are under 40% were 
accepted as HF.

Statistical analysis
SPSS software package (version 23.0, SPSS, Inc., Chicago, 
IL, USA) was employed to analyze the obtained data. 
P <0.05 was considered to have statistical significance. 
A  5% type‑I error level was used to infer statistical 
significance. The normality assumption of data was 
assessed by the visual  (histograms, probability plots) and 
analytical methods (Kolmogorov–Smirnov/Shapiro–Wilk’s 
test). Levene’s test was used to check the homogeneity of 
variances. While the mean  ±  standard deviation scheme 
was used to represent the continuous variables, the 
percentages were used to present the categorical variables. 
The Chi‑square or Fisher’s exact test was conducted with 
the purpose of comparing the categorical groups. While the 
two‑tailed Student’s t‑test was used for normally distributed 
parameters, the Mann‑Whitney U‑test was performed for the 
nonnormally distributed continuous variables. The univariate 
regression analysis was carried out to assess the effects of 
the various variables on MACE. A P  value  (two‑tailed) 
of less than 0.05 was identified as statistical significance. 
The variables with unadjusted P <  0.1 were accepted to 
be confounding factors and included in the backward 
multivariate Cox logistic regression analysis to determine 
the independent predictors of MACE. The predictive value of 
LAVI/LVEFr was estimated by the areas under the receiver 
operating characteristic (ROC) curve. Kaplan–Meier curve 
was drawn to show the LAVI, LVEF, and LAVI/LVEFr 
percentiles in predicting MACE.

Results

A total of 176  patients were included in the study. The 
mean age of participants was 61.1 ±  12.1 and 26  (14.8%) 
of them were female. The patients were divided into two 
groups according to the presence of MACE which was 
occurred in 70 patients (39.7%). The MACE (+) group was 
older  (66.5  ±  11.5  vs. 57.5  ±  11.1, P <  0.001) and more 
likely to be male  (77.1% vs. 21.9%, P =  0.014). While 
MACE  (+) group more likely to have DM  (34%. 3  vs. 
18.9%, P = 0.017) and higher smoking rate (40% vs. 28.3%, 
P =  0.034); HL  (62.3% vs. 42.9%, P =  0.009) rate was 

higher in MACE (−) group [Table 1]. In addition, MACE (+) 
group had higher previous PCI  (20% vs. 5.7%, P = 0.004) 
and anterior MI (62.9% vs. 43.4%, P = 0.011) rates. Higher 
TIMI flow following PCI was associated with lower MACE 
occurrence (P < 0.001).

Laboratory analysis revealed that while serum creatinine 
level (1.02 ± 0.37 vs. 0.91 ± 0.2 mg/dL, P = 0.012), neutrophil 
count  (8.4  ±  3.3  vs. 7.19 ±  3.2  103/μL, P = 0.016), peak 
creatine kinase MB  (215  [120–300] vs. 300  [230–300] 
ng/uL, P =  0.011), and glucose level  (94  [82–105] vs. 
108  [82–120] mg/dL, P = 0.008) were higher; hemoglobin 
level (14.2 ± 1.5 vs. 13.6 ± 1.3 mg/dL, P = 0.005) was lower 
in patients with MACE.

Among echocardiographic f indings,  while LVEF 
was lower  (38.1  ±  7.9  vs. 45.6% ±9.6%, P  <  0.001); 
LAVI [26.9 [17.3–30.8] vs. 38.9 [23.3–44] ml/m2, P < 0.001) 
and LAVI/LVEFr (97.2 ± 30 vs. 57.2 ± 25, P < 0.001) were 
higher in patients with MACE [Table 1].

Backward multivariable regression analysis was conducted 
with MACE relevant parameters and found that age  (odds 
ratio [OR] =1.062, 95% confidence interval [CI]: 1.021–1.104, 
P = 0.003), serum creatinine level  (OR =  6.419, 95% CI: 
2.278–18.091, P < 0.001), and LAVI/LVEFr  (OR = 1.032, 
95% CI: 1.019–1.045, P < 0.001) were independent predictors 
of MACE during long‑term follow‑up [Table 2]. Since LAVI/
LVEFr includes LAVI and LVEF, we did not combine these 
parameters in the regression model to avoid interaction 
between them in multivariable analysis. Prognostic values of 
these parameters were compared with area under curve (AUC) 
models in ROC curve analysis.

We performed ROC curve analysis and found that the AUC 
of LAVI, LAVI/LVEFr, and LVEF was found as 0.769, 0.874, 
and 0.746, respectively  [Figure  1]. Kaplan–Meier curves 
demonstrated that higher LAVI/LVEFr increased MACE, 
launching from the early stage [Figure 2].

Figure  1: Sensitivity and specificity of left atrial volume index, left 
ventricle ejection fraction, and left atrial volume index left ventricle 
ejection fraction ratio
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Discussion

It was revealed that increased age, LAVI/LVEFr, and serum 
creatinine level predicted long‑term MACE during 8 years 
of follow‑up. To the best of our knowledge, this novel index, 

LAVI/LVEFr, was evaluated in patients with STEMI in the 
present study firstly.

The interest in LA has increased in recent years due to its’ 
multifaceted property. The LA plays a pivotal role in the 

Table 1: Baseline characteristics of the study population

Variable MACE (−) (n=106), n (%) MACE (+) (n=70), n (%) All patients (n=176), n (%) P
Demographic data
Age (years) 57.5±11.1 66.5±11.5 61.1±12.1 <0.001
Gander (male) 96 (90.6) 54 (77.1) 150 (85.2) 0.014
DM 20 (18.9) 24 (34.3) 44 (25) 0.017
HT 34 (32.1) 26 (37.1) 60 (34.1) 0.297
HL 66 (62.3) 30 (42.9) 96 (54.5) 0.009
Current smoking 30 (28.3) 28 (40) 56 (32.9) 0.034
Family CAD history 12 (11.3) 4 (5.7) 16 (9.1) 0.159
Previous PCI 6 (5.7) 14 (20) 20 (11.4) 0.004
BMI (kg/m2) 27.8 (25.4-30.8) 28 (24.7-30.7) 27.8 (25.2-30.8) 0.188
PBT (s) 270 (150-450) 330 (210-390) 270 (157-390) 0.358
GRACE score 101.9±27.1 126.4±26 111±29 <0.001

Angiographic data
Killip class

1 88 (83) 54 (77.1) 142 (80.7) 0.219
>1 18 (17) 16 (22.9) 34 (19.3)

Type of MI
Anterior 46 (43.4) 44 (62.9) 90 (51.1) 0.011
Nonanterior 60 (56.6) 26 (37.1) 86 (48.9)

IRA
LAD 48 (45.3) 44 (62.9) 92 (52.3) 0.018
RCA 42 (39.6) 14 (20) 56 (31.8)
CX 16 (15.1) 12 (17.1) 28 (15.9)

Final TIMI flow
1 8 (7.5) 2 (2.9) 10 (5.7) <0.001
2 10 (9.4) 32 (45.7) 42 (23.9)
3 88 (83) 36 (51.4) 124 (70.5)

Laboratory and echocardiographic 
data
Creatinine (mg/dL) 0.91±0.2 1.02±0.37 0.95±0.28 0.012
WBC (103/μL) 7.19±3.2 8.4±3.3 7.6±3.3 0.016
Hemoglobin (mg/dL) 14.2±1.5 13.6±1.3 14±1.4 0.005
Peak CK‑MB (ng/uL) 215 (120-300) 300 (230-300) 241 (127-300) 0.011
Peak troponin (ng/uL) 44.3 (41.4-47.3) 48.7 (47-50) 45 (43-47) 0.048
Fasting glucose (mg/dL) 94 (82-105) 108 (82-120) 109 (95-159) 0.008
HsCrp (mg/dL) 0.43 (0.31-0.96) 0.95 (0.27-1.48) 0.48 (0.32-1.31) 0.070
LVEF (%) 45.6±9.6 38.1±7.9 42.6±9.7 <0.001
LAVI (ml/m2) 26.9 (17.3-30.8) 38.9 (23.3-44) 29.6 (19.1-36.9) <0.001
LAVI/LVEFr 57.2±25 97.2±30 71.5±33 <0.001

Medication at discharge
ASA 104 (98.1) 68 (97.1) 172 (97.7) 0.873
Clopidogrel 102 (96.2) 67 (95.7) 169 (96) 0.772
BB 95 (89.6) 52 (89.7) 147 (89.6) 0.687
ACEI/ARB 88 (83) 57 (81.4) 145 (82.3) 0.298
Statin 102 (96.2) 68 (97.1) 170 (96.5) 0.887

DM=Diabetes mellitus, HT=Hypertension, HL=Hyperlipidemia, CAD=Coronary artery disease, PCI=Percutaneous coronary intervention, BMI=Body 
mass index, PBT=Paint o balloon time, MI=Myocardial infarction, IRA=Infarct‑related artery, LAD=Left anterior descending artery, RCA=Right coronary 
artery, CX=Circumflex artery, WBC=White blood count, CK‑MB=Creatine kinase‑MB, HsCrp=High sensitive C‑reactive protein, LVEF=Left ventricle 
ejection fraction, LAVI=Left atrial volume index, LAVIL/VEFr=Left atrial volume index to left/ventricle ejection fraction ratio, ASA=Acetyl salicylic acid, 
BB=Beta blocker, ACEI=Angiotensin‑converting enzyme inhibitor, ARB=Angiotensin receptor blockers, TIMI=Thrombolysis in myocardial infarction, 
GRACE=Global registry of acute coronary events
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cardiac cycle as a functioning conduit for pulmonary venous 
blood during early ventricular diastole and as a booster 
pump, augmenting ventricular filling during late ventricular 
diastole. With this crucial function, LA contributes to 
LVEF approximately 30%.[11] In addition, LA modulates 
the hemodynamic balance by secreting atrial natriuretic 
peptide  (ANP) response to stretch of the atrial wall. 
The ANP modulates the counterbalance between the 
renin‑angiotensin‑aldosterone and parasympathetic systems 
by providing natriuresis and vasodilatation. Thus, LA is 
also considered to be the component of the neuroendocrine 
system.[12] Pressure and/or volume overload in LA endorses LA 
enlargement. Therefore, LA indicators are also indirect indices 
of LV chamber compliance and diastolic function as well as 
of the intracardiac pressure and volume overload.[13] Although 
impaired diastolic function was shown to be associated 
with MACE in patients with MI, it was reported not to be 
clinically apparent in most of the cases. For that purpose, LA 
measurements were used to be diastolic dysfunction markers 
in several studies.[14,15]

LAVI has been proven to be the most reliable marker 
among LA enlargement indices. Elevated LAVI was shown 
to be associated with the worse outcome beyond the 
diastolic dysfunction in acute coronary syndrome  (ACS), 
cardiomyopathies, and valvular diseases.[4] Moller et al. 
showed that elevated LAVI was related to increased mortality 
in patients with AMI during 2 years of follow‑up.[16] Similarly, 
Beinart et al. reported that elevated LAVI was associated 
with mortality after 5 years of follow‑up.[17] Besides, the LA 
enlargement promotes blood stasis and increases the risk for 
atrial fibrillation  (AF) and stroke, consequently. AF is also 
a well‑established risk factor for HF, stroke, and mortality 
particularly in patients with ACS.[18] We think that increased 
LAVI might be responsible for a higher MACE rate by also 
inducing AF. On the other hand, LA enlargement is a chronic 
adaptive process, and deteriorated LA function frequently 
accompanies LA enlargement. Therefore, in case of the acute 
cardiovascular clinics such as STEMI, it can be speculated 
that increased LAVI implies a higher atherosclerotic burden 
before the STEMI occurrence. However, there is not constant 
LAVI value evaluated in previous studies. While in one study, 

under the “32 ml/m2”of LAVI was reported to be normal; 
another study considered “28 ml/m2” as median LAVI value.[5,16] 
Moreover, LAVI was dichotomized in many previous studies 
as elevated or normal. With this context, it is still needed to 
be validated the value of LAVI in predicting future adverse 
events with further trials.

The LVEF is one of the most examined echocardiographic 
parameters at admission and during follow‑up and was found 
to be associated with long‑term outcomes and mortality in 
ACS patients in previous studies.[19] Bosch et al. found that 
LVEF has more predictive value than other echocardiographic 
parameters predicting MACE in patients with ACS. In addition, 
in patients whose LVEF was under 48%, the mortality rate 
was 3.3‑fold higher.[20] However, in case of elevated LAVI 
and normal LVEF or normal LAVI and decreased LVEF, 
we may need a further tool for better outcome prediction. In 
addition, in the early stage of STEMI, tachycardia, transient 
ischemic dysfunction, stunning, or hibernation may occur 
and thus, LVEF may show variability. Therefore, quantitative 
and combined indices use could provide a more objective and 
accurate outcome prediction. Indeed, it was shown that adding 

Table 2: Cox regression analysis for predicting major adverse cardiovascular events

Variable Univariate Multivariable

OR 95% CI P OR 95% CI P
Age (years) 1.072 1.041-1.104 <0.001 1.062 1.021-1.104 0.003
Gander (male) 2.844 1.207-6.705 0.017 1.075 0.308-3.755 0.910
DM 2.243 1.122-4.486 0.022 1.609 0.769-3.367 0.206
Current smoking 2.115 1.123-4.846 0.056 1.701 0.453-6.388 0.431
Anterior MI 2.207 1.189-4.097 0.012 1.563 0.730-3.347 0.251
Serum creatinine 4.082 1.274-13.082 0.018 6.419 2.278-18.091 <0.001
Killip score 1.449 0.682-3.078 0.335 0.666 0.269-1.651 0.380
LAVI/LVEFr 1.029 1.021-1.038 <0.001 1.032 1.019-1.045 <0.001
MI=Myocardial infarction, LAVI/LVEFr=Left atrial volume index/left ventricle ejection fraction ratio, CI=Confidence interval, OR=Odds ratio, 
DM=Diabetes mellitus

Figure  2: Kaplan–Meier curves demonstrated that higher left atrial 
volume index ventricle ejection fraction ratio increased major adverse 
cardiovascular event beginning from the early follow‑up
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LVEF to other scoring tools elicits more accurate results.[21] 
Besides, decreasing LA function has a minimal effect at normal 
ejection fraction, whereas it exacerbates HF symptoms in 
patients with reduced EF.[4] Therefore, given the prognostic 
roles of the LAVI and LVEF, we think the combined usage of 
them might facilitate MACE prediction as compared to their 
single usage.

On the other hand, HF with preserved ejection fraction (HFpEF) 
accounts for almost half of all types of HF. HFpEF has a high 
risk for morbidity and mortality, and quality of life may be 
worse than with HF with reduced EF (HFrEF). There is not a 
single objective marker to define HFpEF, and so its’ diagnosis 
is challenging. Therefore, these patients are evaluated by 
measuring diastolic parameters. HFpEF is suspected in 
patients with symptoms and findings of HF accompanying 
structural heart diseases such as LA enlargement or left 
ventricular hypertrophy. However, it is a multisystemic disease 
and might present with noncardiac complaints. Therefore, 
patients without specific signs and symptoms of HF can easily 
be disregarded.[22,23] On the other hand, ACS was shown to 
be the risk factor for HFpEF. However, HFpEF may manifest 
as mild diastolic dysfunction at the early stage of ACS, but 
it progresses depending on the severity of the MI. Antonelli 
et al. showed that those who were developed HFpEF had a 
3‑fold higher mortality risk than those without HF among 
patients with acute MI.[24] Therefore, the parameters that imply 
these patients would provide more accurate evidence about 
surveillance for sure. In the present study, LAVI/LVEFr was 
a significant predictor of MACE in the fully adjusted model. 
We consider that LAVI/LVEFr might be indicating HFpEF and 
associated with increased MACE consequently. That being the 
case, it can be speculated that we have revealed the underlying 
HFpEF patients by studying the LAVI/LVEFr. Thus, this ratio 
can be evaluated with further studies as a novel marker in 
patients who were suspected of HFpEF.

The association between renal function and cardiovascular 
diseases is well validated. Especially, renal dysfunction 
is one of the most common comorbidities in patients with 
HF and ACS and is related to short‑ and long‑term adverse 
outcomes.[25] Similar to previous studies, we showed that the 
creatinine predicted the MACE in patients with ACS strongly 
and independently. Renal function assessment may also be 
added to the prediction models of MACE.

Limitations
There are multiple limitations to acknowledge. It is a 
single‑center study with a relatively limited number of patients. 
LAVI/LVEFr had relatively weak prognostic value.

Conclusion

This simple, easily applicable, reliable, and novel index, 
LAVI/LVEFr, predicted long‑term MACE in patients with 
STEMI who underwent p‑PCI. The combination of systolic 
and diastolic parameters may be more logical for prognosticate 
future adverse events due to both are associated with MACE. 

Besides, this ratio might be a marker of HFpEF in patients 
with STEMI or in the normal population.
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